The use of antipsychotic medications in children and adolescents for indications other than psychosis or Tourette syndrome is controversial. Newer atypical antipsychotics with profiles of adverse effects that differ from those of traditional antipsychotics may lead providers to prescribe antipsychotics more frequently than in the past for behavioral indications not strongly supported by clinical study.
T
HE USE OF ANTIPSYCHOTIC medications in children and adolescents for indications other than psychosis or Tourette syndrome is controversial. [1] [2] [3] [4] Modest evidence from controlled clinical studies supports the use of antipsychotics to treat severe disruptive behaviors associated with autism and mental retardation. [5] [6] [7] [8] [9] [10] Antipsychotics have been used clinically to treat behavioral symptoms associated with attentiondeficit/hyperactivity disorder (ADHD) and conduct disorders, although no evidence from controlled studies supports such practices in community-dwelling children. 2, 3, 11 Historically, use of antipsychotics for behavioral symptoms has been limited by the very high risk of movement disorders conferred by the available agents. 2, 12 However, the introduction of the atypical antipsychotics, which at least in adults confer markedly lower risk of extrapyramidal symptoms, 12 has led to the possibility of more frequent antipsychotic use in children for behavioral indications.
Although the use of atypical agents avoids some of the well-described dangerous adverse effects of the traditional drugs, they nevertheless are associated with different serious adverse effects, including weight gain, 13 diabetes, 14, 15 galactorrhea, 16, 17 and adverse cardiovascular effects. 18 If the use of these drugs for behavioral indications were increasing among children, this would raise the concern as to whether this practice was beneficial and clinically justified.
gan after the introduction of risperidone (1993) and olanzapine (1995) , two of the most widely used atypical antipsychotics. The study population, the expanded Tennessee Medicaid (TennCare) population, included large numbers of children and data from which medication use and diagnoses could be identified.
METHODS

STUDY DESIGN, POPULATION, AND SOURCES OF DATA
The study was conducted as a retrospective cohort study among children aged 2 through 18 years in the TennCare population.
TennCare is Tennessee's program for Medicaid enrollees and uninsured individuals, which operates under a 1994 federal waiver that permitted broadened eligibility to include persons of low-to-moderate income who were uninsured but would not qualify for Medicaid under federal guidelines. 19 The study analysis was restricted to the uninsured and those whose enrollment was through the largest Medicaid component of the program, Aid to Families with Dependent Children. This excluded children who qualified for TennCare because of severe disability (the Aid to the Disabled program accounted for approximately 6% of the potential study population), because many of these children would have been enrolled as the result of severe mental illness and thus were likely to have had antipsychotic use before TennCare enrollment, which would be undocumented in our database.
Study data were obtained from a research database derived from files maintained by the TennCare program. 20, 21 The enrollment file included the dates of each child's periods of enrollment and demographic characteristics. This file has been linked with 1990 US census data to provide information on neighborhood income and death certificates to identify children lost to follow-up. [22] [23] [24] [25] The pharmacy file includes records of prescriptions for outpatients filled at the pharmacy, which specify the drug, dose, and days of supply dispensed. Computerized pharmacy records have been shown to be an excellent source of medication data because pharmacy records are not subject to information bias and have high concordance with patient self-reports of medication use. 20, [26] [27] [28] [29] The outpatient, emergency department, and inpatient files include records of office visit encounters or hospital admission. These files include up to 9 diagnoses, which during the study period were coded according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
30
NEW USERS OF ANTIPSYCHOTICS
Antipsychotic medication use was identified from the pharmacy files. The typical antipsychotics included chlorpromazine hydrochloride, fluphenazine hydrochloride, mesoridazine besylate, perphenazine, thioridazine hydrochloride, trifluoroperazine hydrochloride, haloperidol decanoate, droperidol, thiothixene hydrochloride, loxapine succinate, molindone hydrochloride, and pimozide. The atypical antipsychotics included the mixed serotonin/dopamine antagonists clozapine, risperidone, olanzapine, quetiapine fumarate, and ziprasidone hydrochloride.
The study focused on new use of antipsychotics because this analysis was unaffected by long-term users of these drugs and therefore provided a better assessment of the impact of the introduction of the atypical antipsychotics on clinical practice. We examined the first antipsychotic prescription for each child during the study period. New users were those who were alive and continuously enrolled in TennCare for the 365 days before and the 90 days after the date of the first antipsychotic prescription, defined as the qualifying date. Children and adolescents had to be 2 to 18 years of age on the qualifying date and could not have used antipsychotics in the preceding 365 days. Each child could contribute only 1 period of new use to the study. Children with missing sociodemographic variables were excluded (0.7% of new users).
The indication or diagnosis associated with beginning the use of the antipsychotic was identified from medical care encounters in the 90 days before and including the qualifying date. We first reviewed outpatient or emergency department visits or hospital admissions. The diagnostic categories were identified from 1 of up to 9 diagnosis fields in each claim. 3, and V71.0). If there was a diagnosis for more than 1 of these categories, diagnoses were assigned in the order just provided, which generally corresponded to the strength of evidence during the period of the study for the use of antipsychotics in each condition. This approach allowed for consideration of a clinician's decision making when treating a child with multiple psychiatric diagnoses.
Among children for whom this procedure failed to identify a diagnosis, we then reviewed prescriptions filled for these children in the 90 days preceding the qualifying date and assigned diagnoses according to the most frequent indications for these drugs. These included ADHD for stimulants (methylphenidate hydrochloride, pemoline, and amphetamines), affective disorders for lithium and other mood stabilizers (carbamazepine or valproic acid in the absence of a seizure diagnosis) or antidepressants (amitriptyline hydrochloride, desipramine hydrochloride, doxepin hydrochloride, nortriptyline hydrochloride, protriptyline, clomipramine hydrochloride, bupropion hydrochloride, mirtazapine, phenelzine sulfate, tranylcypromine sulfate, and nefazodone hydrochloride but not imipramine hydrochloride, which is used for other pediatric conditions), and other psychiatric disorders for benzodiazepines (in children who did not have a seizure diagnosis). This procedure ultimately identified a diagnosis for 88.5% of new users, of whom 95.2% were identified from physician encounters. An alternative analysis that did not include the diagnoses assigned through medication use gave essentially identical results to those from the primary analysis.
Because the proportion of children for whom no diagnosis was identified decreased steadily during the study period (21.1% in 1996, 13.2% in 1997, 15 .0% in 1998, 10.4% in 1999, 8.4% in 2000, and 8.8% in 2001), we performed sensitivity analyses to assess the effect of this decrease on study estimates. First, we assumed that a consistent proportion of children with no linked diagnosis would all be classified as receiving antipsychotics for behavioral indications. Study estimates were not materially affected. Second, we assessed the effect of including data from 1997 onward because of the differences between 1996 and other years in the proportion of children for whom no diagnosis was linked. Again, we found no material difference in study results. Thus, we included all children who met the study requirements, including those for whom no diagnosis was linked.
STUDY VARIABLES AND ANALYSIS
Because of the large size of the study population (Ͼ300000 per year), the number of children in the denominator population at risk of becoming new users of antipsychotics was estimated from midyear enrollment in TennCare. The enrollment file was examined to identify children who were enrolled on July 1 of each year and met the study inclusion criteria of 365 days of continuous enrollment before and 90 days after this date.
The new antipsychotic users and denominator population estimates were classified according to study variables. Race was classified as white, African American, Latino (persons descended from Spanish-speaking ancestors), other, or unknown. Residence county was classified according to location in a standard metropolitan statistical area. 31 TennCare enrollment was classified as Aid to Families with Dependent Children or uninsured. Neighborhood (block group or census tract) mean per capita income was obtained from 1990 census data for the address of the child during the period of enrollment closest to the qualifying date. Incomes thus obtained were classified into quintiles according to the entire TennCare population.
Unadjusted rates of new use of antipsychotics were calculated by dividing the number of new users in a particular stratum by the estimated number of children in the denominator population. Adjusted rate ratios for each year were calculated from Poisson regression using as the reference calendar year 1996. The model included age, sex, race, category of enrollment, standard metropolitan statistical area residence, and neighborhood income. Adjusted rates of new use of antipsychotics were then calculated using the method of marginal prediction. 32 In the analysis of rates by indication, because the proportion of new users for whom no diagnosis was identified varied by year, the denominator for each year was reduced according to this proportion.
The study was reviewed and approved by the institutional review board at Vanderbilt University, Nashville, Tenn; the State of Tennessee; and the TennCare Bureau.
RESULTS
During the 6 study years, the annual number of study children increased from 313 454 in 1996 to 432101 in 2001. This reflected a trend of increasing enrollment for uninsured children. In 1996, uninsured children constituted 21% of the study population; by 2001, this proportion had increased to 42%. Otherwise, the demographic characteristics of the study population varied little with calendar time.
There were 6803 children who became new users of antipsychotic medications during the study ( Table 1) . The mean age of these children was 11.5 years (SD, 4.2 years); 64.4% were male; 23.0% were African American; 64.8% lived in standard metropolitan statistical areas; 74.7% had TennCare enrollment through the Aid to Families with Dependent Children program; and 14.6% had income in the lowest quintile for the entire TennCare population.
Just before receiving the antipsychotic, children who were new users had substantial prevalence of diagnosed mental illness. There were 43.1% diagnosed as having ADHD or conduct disorder; 14.2%, bipolar disorder; 8.7%, schizophrenia or other psychosis; 7.2%, another affective disorder; 6.2%, mental retardation; 4.5%, other psychiatric disorders (primarily adjustment reactions); and 2.2%, an acute psychotic reaction. Only a small proportion of new users had diagnoses of Tourette syndrome (2.1%) or autism (0.2%). The new users had substantial previous use of other psychotropic drugs, primarily stimulants (20.4%), selective serotonin reuptake inhibitors or other antidepressants (29.6%), and lithium or other mood stabilizers (13.7%).
The proportion of TennCare children who were new users of antipsychotics, adjusted for demographic characteristics, nearly doubled during the 6 study years, from 22.9 per 10 000 in 1996 to 45.4 per 10 000 in 2001 ( 2.42; 95% CI, 1.99-2.95). In contrast, the proportions of children beginning antipsychotic use with diagnoses of psychoses, acute psychotic reaction, mental retardation or autism, or Tourette syndrome remained relatively constant during the study period. The proportion of children who received antipsychotics for other psychiatric diagnoses increased; however, this practice was relatively infrequent.
When study children were classified according to age, the secular trend of increasing antipsychotic use was most pronounced for adolescents aged 13 to 18 years and for children aged 6 to 12 years ( Table 3 Abbreviations: ADHD, attention-deficit/hyperactivity disorder; CI, confidence interval; IRR, incidence rate ratio. *TennCare is Tennessee's expanded program for Medicaid enrollees and uninsured individuals who do not quality for Medicaid. Unless otherwise indicated, data are expressed as rates per 10 000 children, adjusted for age, sex, race, county, enrollment category, income, and study year using the method of marginal prediction. The number of new users does not permit direct calculation of rates from this table because the adjustment accounts for changes in the denominator population during the study years.
†Adjusted for age, sex, race, county, enrollment category, and income using Poisson regression. was the case for the older group, this primarily was due to increasing use for ADHD/conduct disorder and affective disorders. Although the proportions of preschool children (aged 2-5 years) who became new users of antipsychotics were substantially lower than for the other age groups, these youngest children had a 61% increase in use during the study period (from 10/10 000 in 1996 to 15 per 10000 in 2001; IRR, 1.61; 95% CI, 1.25-2.06).
We conducted a separate analysis of trends among children with the supplemental TennCare coverage for the uninsured ( Table 4 ). The population of children enrolled through the TennCare coverage for the uninsured is more representative of the general state population of children than is that of the children qualifying for TennCare through Medicaid, because the uninsured category excludes the lowest-income families. The analysis also provided a further check as to whether the increased rates of antipsychotic use observed among all children were a secondary effect of the concurrent trend of increased enrollment of the uninsured.
Although the rates of new antipsychotic use were lower in the uninsured than in the Medicaid population, the increase in new use was even more pronounced than that for the entire population (Table 4) 
COMMENT
In the TennCare population studied, the proportion of patients aged 2 through 18 years who became new users of antipsychotics from 1996 to 2001 nearly doubled. The observed increase was driven by increases in the use of antipsychotics for ADHD/conduct disorder and affective disorders. The increase was most pronounced for adolescents, for whom the new user proportion more than doubled during the study period. Adolescents had a 3.5-fold increase in new use for ADHD/conduct disorder. During 2001, nearly 1 of every 100 adolescents in the TennCare study population became a new user of an antipsychotic.
Could the trend of increased antipsychotic use have been the result of concurrent secular trends in the composition of the study population or in the occurrence of mental illness? The only material trend identified in the study population was the increased number of children who received enrollment through the TennCare supplemental program providing coverage for moderateincome families without health insurance. However, all study results were adjusted by multivariate regression analysis for type of TennCare enrollment. Second, in a separate analysis of children in the supplemental program for the uninsured, the trend of increased antipsychotic use was even stronger than that for the entire population.
It is also highly unlikely that increased antipsychotic use reflected an increased incidence of serious mental disorders, particularly given the relatively short study period. Indeed, the new use of antipsychotics for schizophrenia and other psychosis was stable during the study period. The labeling of mental disorders, particularly by primary care providers, may have changed. For example, there may have been a trend toward better recognition of underlying affective disorders in patients who formerly received diagnoses of other mental disorders. However, strong evidence suggests that this phenomenon did not account for the study trends. First, changes in labeling would result in a shifting of new users from one diagnostic category to another; they could not explain a doubling of the overall rates of new use of antipsychotics that was identified. Second, the rates for the other diagnostic categories for which changes in labeling were most likely-psychoses and acute psychotic reactions-were stable during the study period.
Thus, the most probable interpretation of the study data is that there was a substantial expansion of the perceived indications for antipsychotic use during the study period. Although this trend coincided with the introduction of the atypical antipsychotics, it is also possible that it was influenced by changing attitudes and practices regarding the use of pharmacotherapy for mental disorders in children. Our data suggest that the increase in antipsychotic use was primarily driven by increased use among children with ADHD or conduct disorders and with affective disorders. The use of antipsychotics for ADHD and conduct disorders has been controversial. 2, 33 Data from studies of hospitalized children suggest that atypical antipsychotics can successfully control disruptive behavioral symptoms. 6, 34 On the other hand, before the introduction of the atypical antipsychotics, the severe and frequent adverse effects of antipsychotics led to the recommendation that these agents be used only in exceptional cases. 2 A recent systematic review of the evidence supporting use of atypical antipsychotics in children and adolescents for this indication concluded that there was insufficient evidence to support their efficacy. 35 Zito et al 36 analyzed the prevalence of antipsychotic use in a cross-sectional study in 2 state Medicaid populations and 1 health maintenance organization population. In their study, neuroleptic use increased significantly from 1987 to 1996. Although their study included data before the introduction of most of the atypical antipsychotics and used slightly different methods, the increased rates of use paralleled those seen in the current study.
The increased use of antipsychotics for treatment of children and adolescents with affective disorders may be due in part to recent findings in adults. Data suggest that antipsychotics are effective among adults in the maniac phase of bipolar disorders. 37 Preliminary evidence now indicates that some of the atypical antipsychotics may be effective for treatment-resistant major depression. 38 However, whether comparable efficacy exists for children and adolescents is unknown.
Several limitations in the clinical data available for the study should be noted. In this very large population of children, identification of the underlying mental disorder among new antipsychotic users was based on diagnoses recorded in clinical practice rather than on standardized diagnostic assessments. Thus, diagnoses may best reflect a primary care physician's perception of the child's disorder. For children with multiple mental or neurological disorders, the study analysis retained only a single diagnosis, that for which there was best evidence that an antipsychotic was appropriate. The prioritization of diagnoses used in the current study is somewhat conservative in that it gives the provider the benefit of the doubt in identifying the possible indication for use. Additional research is needed for children with multiple mental disorders to further elucidate patterns of use in these children. We did not study factors that predicted which children would receive antipsychotics; further assessment of demographic and behavioral characteristics is important. In addition, further understanding of which providers are writing prescriptions for children would provide important information about provider practice and the mental health infrastructure. We did not attempt to study outcomes of antipsychotic use, including ultimate duration of therapy, behavioral, or somatic effects. Additional data are needed, particularly from wellcontrolled trials.
The study population consisted of children and adolescents in low-and moderate-income families who received medical care through TennCare, Tennessee's expanded Medicaid program. Thus, it is unknown whether or not similar trends are present for families not enrolled in TennCare. The finding that the doubling of new antipsychotic use persisted in the uninsured population suggests that a similar increase is occurring outside the Medicaid population. Furthermore, theTennCare population is in itself of substantial importance for children's health. By 2000, study children constituted 29.8% of all Tennessee children of comparable ages. 39 In 2001, 20% of children in the United States had Medicaid enrollment. 40 The prevalence of mental illness in this population is higher than that for other children. 41 
CONCLUSIONS
New use of antipsychotics in study children and adolescents nearly doubled in the 6 years after the introduction of the atypical antipsychotics. The most probable explanation for this trend was substantially increased use for ADHD or conduct disorders and affective disorders. At present, no high-quality scientific evidence supports the use of atypical antipsychotics for these indications in pediatric populations. However, substantial evidence documents the adverse effects of these drugs. Thus, there is an urgent need to conduct well-controlled clinical studies to determine whether the benefits of this expanded use outweigh the risks.
